Background: There has been little focus lately on operative techniques for full graft liver transplantation,
Introduction
There are upwards of 320 centres worldwide performing adult deceased donor liver transplantation. Most of these centres are in Western Europe (137), North America (116), and South and Central America (76). [1] [2] [3] [4] The number of transplantation programmes in Asia performing adult deceased donor liver transplantation is difficult to determine, given their preference for living donation. Similar to other aspects of surgery, this probably remains a heterogeneous field with variations in staffing and techniques for organ recovery and transplantation based on the regulations, customs and constraints of different health care systems and individual institutions. Improved survival with decreased morbidity is the underlying objective of all practices, but best practices are always evolving.
In recent years, technical reports in the literature concerning orthotopic liver transplantation in adults have mainly focused on living donor and split liver practices. Furthermore, in the abundance of transplant literature, the trends in different regions of the world are not always clear. An international survey was conducted to investigate whether a standard technique exists for deceased donor liver transplantation in adults.
Methods
A 40-question survey was designed to address staffing, organ recovery, transplant hepatectomy, transplant reconstruction and abdominal closure (Fig. 1) . Five of the questions pertained to programme characteristics (Fig. 1: Center: Country & City & Hospital & Surgical director & email) . The survey was purposefully brief and queried information that would be readily available without the need for independent data searching. At the same time, it addressed key technical issues in transplantation.
Programme directors of all centres in Europe, North, South and Central America, Africa, Australia and New Zealand, and the Middle East performing deceased donor adult liver transplantation and listing their e-mail address on the internet were invited to participate. An active link to the secure website was included in an explanatory e-mail, and participants completed the survey on-line. Asian centres were not contacted for this survey because of the rarity of deceased donor transplantation. A period of 2 weeks and then 2 months passed before reminder e-mails were sent to non-responders, and data were collated 1 month later.
Data are presented as mean Ϯ SD and median (range) based on the normality of the distribution for a given variable, or number of respondents (percentage). Given the variable number of responses from each country and continent, differences of statistical significance were not calculated. Three questions were excluded from the final analysis because of a less than 75% response rate suggesting they were unclear to the respondents ( Fig. 1 : Graft: split liver type, living donor type & minimal graft/ body weight ratio). One question was excluded to prevent commercial bias ( Fig. 1 : Hepatectomy: type of retractor). Two variables asking for specific details about a previous response were combined with the root variable ( Fig. 1 : Graft: preservation solution, specify; Reconstruction: inferior vena cava (IVC) preservation graft implantation, specify).
Results
One hundred twenty-eight emails were sent [Europe: 60; United States of America (USA): 50; South America: 5; Africa: 4; Australia/New Zealand: 6; Israel: 3] and 93 (73%) replies were received. After exclusion of the three questions deemed confusing, 2.9% of total responses were missing. For the analyses, centres were stratified as belonging to Europe, USA, or Other. The last group included three South American, two Middle East, one Australian and one African programme. Most programmes were greater than 20 years old (range 2-46), and performed a median of 60 liver transplants per year (range 8-240) ( Table 1) . For all programmes considered, the mean number of attending transplant surgeons was 4 Ϯ 2 (range 1-10). A mean of 2 Ϯ 1 assistants per transplant aided the operating surgeon at European and other centres, whereas surgeons at USA centres more likely had a single assistant (1 Ϯ 1) . Table 1 provides data regarding graft selection preferences and preservation solutions utilized. The mean maximum age of deceased donors accepted by centres was 82 Ϯ 9, and six European and two centres in the USA did not have a maximum age for donation. Programmes in the Other category had a lower mean maximum tolerated donation age than centres in Europe and USA. The mean acceptable cold ischaemia time was within 1 h across the centres (13 Ϯ 2-14 Ϯ 4). The median percent macrovesicular steatosis of deceased donors accepted by centres was higher in European (50%) than USA (33%) centres. Donation after cardiac death was utilized more often in the USA (84% vs. 42% for all programmes). Split liver grafts were utilized by 85% of the total centres surveyed. The use of extracellular, intracellular or both types of solutions was evenly distributed among European programmes, while a strong trend towards intracellular solutions in the USA and Other programmes was observed.
The inverted 'T' and bilateral subcostal incisions were most often used for transplantation (Table 2) . Forty-two per cent of European programmes made use of temporary portacaval shunting as opposed to 10% of USA centres. Preservation of the inferior Figure 1 The Survey on Adult Liver Transplantation Technique (SALT) was a 40-item survey completed on a secure website covering the key technical issues in deceased donor liver transplantation vena cava was standard in more than half the European centres (57%), with only 38% of USA and Other centres using this technique ( Fig. 2) . If the recipient inferior vena cava was preserved, the overwhelming majority (80%) never used venous-venous bypass, whereas if the inferior vena cava was resected, 65% always or sometimes utilized venous-venous bypass (Fig. 3) . Table 2 informs on the vascular and biliary reconstruction. Overall, the piggy-back three-hepatic vein to inferior vena cava anastomosis (39%) was favoured to the two-hepatic vein technique (26%), although the two-hepatic vein was marginally more popular than the three-vein technique in the USA. A side-to-side technique was performed by 28% of centres. The portal anastomosis was most often performed with a running suture (92%), with the majority of centres favouring a growth factor for expansion after reperfusion (88%). Anastomosis of the graft hepatic artery to the native common hepatic and gastroduodenal artery bifurcation (57%) was favoured over the hepatic artery to hepatic artery technique (43%). Again, a running suture was preferred (82%). Ninety percent of centres re-vascularized the portal vein before the hepatic artery. For the bile duct, using interrupted sutures (47%) to perform a duct-to-duct anastomosis without the use of a T-tube (81%) was the trend.
Drainage was used at 86% of the centres, with two or more drains being the most common practice ( Table 2 ). The abdominal wall was most often closed with a continuous (88%), absorbable (86%) suture and skin was most often closed with staples (74%).
Discussion
Orthotopic liver transplantation has become so widely accepted and practiced that recent literature rarely reports on the technical aspects of the operation, but rather focuses on peri-operative care and partial grafts (i.e. living donor and split grafts). An international internet survey was performed in order to categorize current practices in deceased donor liver transplantation and determine if a standard operation was performed. The overall response rate over a 2-month period with two reminder e-mails was 73%, with an item completion rate of over 97%. This is better than other recent mail surveys (19%-67%) within the transplant community. 4, 5 This suggests the survey was well understood by (22) 14 (27) 5 (17) 1 (12) Ն2 drains 57 (64) 30 (59) 20 (66) 7 (88) programme directors and that queried topics were relevant. This high response rate can be interpreted as attestation that these technical issues are of importance to transplant surgeons. Although the range was wide, the responding centres had lengthy transplant experience and performed on average, 1-20 transplants per month depending on the geographical region. European and USA data may be more representative of their regions, as these centres were easily indentified on the internet and through registry organizations.
1,2 The same was not true for other regions of the world. The responding USA programmes tended to have more attending surgeons than the European and Other centres, but utilized 1-less operative assistant. The increased staffing is probably reflective of the larger transplant volume of the USA centres that were surveyed. The difference in operative assistants may be impacted by the design of surgical training programmes in Europe and the USA.
With regard to graft preferences, there were some small variations across the results, but the overall trends were for centres not to accept grafts from donors older than 81 years of age, with cold ischaemia times greater than 13 h and with macrovesicular steatosis greater than 44%. Donation after cardiac death was more frequently utilized in the United States. This is probably secondary to the available resources to perform transplantation in the setting of a wide discrepancy between listed patients and available organs, and legal and ethical differences across nations, especially with regard to Maastricht 3 (i.e. controlled donation after cardiac death) organ recovery. There was a strong trend towards intracellular conservation solutions in the USA and Other programmes, whereas there was a fairly even distribution in Europe among extracellular, intracellular and both types of solutions. As multiple randomized studies of University of Wisconsin, histidine-tryptophan-ketoglutarate and Celsior have shown the solutions to be similar with regard to graft preservation, the significance of these different utilization practices are unclear and may be customary and price driven. Although always preserving the IVC was more common among European centres, greater than 50% of the USA and Other programmes either always or selectively preserved the IVC. Construction of a temporary portacaval shunt was used more often in Europe. Venous bypass was used in about 25% of centres not preserving the IVC and interestingly used in some USA centres in association with IVC preservation. For the IVC anastomosis, the piggy-back technique followed by the side-to-side technique was favoured overall when the IVC was preserved. In the United States, the piggy-back 3-and 2-hepatic vein techniques were similarly used whereas the piggy-back 3-hepatic vein and side-to-side techniques were the more common practices in Europe.
The present study was descriptive. The aim was to survey current practices and not correlate outcomes. The latter was intentionally avoided because it would lack scientific validity in this non-controlled survey. This study provides surgeons with insight into where their practices stand technically on a worldwide and regional scale. Although it can be argued that the surveyed data represent the practices of programme directors and not programmes, most directors continue to be the technical, thought and educational leaders in the field, and their practices are not easily discredited.
Although there is heterogeneity in the techniques used, particularly in the preservation of the IVC, the use of temporary portacaval shunting and venous bypass, there appears to be an international trend towards IVC preservation. The present study does not have the power to explain the variations in technical practices between countries and between centres within countries. These are likely explained by training, institutional history and geographical origin. Other variables were more homogeneous including donor selection, cold ischaemia times and the degree of graft macrovesicular steatosis, which probably have a greater impact on outcomes.
In conclusion, an intentionally brief survey was developed to assess the technical practices of centres performing deceased donor orthotopic liver transplantation in adults. Based on these findings, liver recovery and transplantation operations appear to share some characteristics around the world, but there remains some key trends in practice that differ by region. As suggested by the high survey response rate, there probably exists strong interest to investigate the impact of technical variations demonstrated in this survey on an international scale. 
